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Abstract 
 
Heavy metal are mainly concentrated in the roots, so the study of resistance to 
heavy metals from mangrove morphological anatomy is important. The main 
conclusions of this research are:  
1. In order to explore the special structure and tolerance mechanisms of mangrove, 
the distribution of cadmium in different tissues of the root was conducted. Cadmium 
is mainly distributed in the epidermis and exodermis and pith in the root of Kandelia 
obovata. The exodermis has the following characteristics: first, the presence of 
secondary Casparian strip in exodermis of Kandelia obovata. Secondly, the 
development of exodermis and secondary stages Casparian strip are earlier than 
Endodermis and Vascular bundles. Thirdly, the volume of the exodermis cells is 
relatively large and has a large vacuole that is very important to vacuolar 
accumulation of heavy metals. Exodermis and secondary root Casparian strip are 
important to cadmium tolerance of Kandelia obovata: First, the exodermis and 
secondary Casparian could hinder transport through apoplast. Secondly, the 
adsorption of heavy metals. Thirdly, the impact of water transport from exodermis 
and Casparian strip makes the transport of heavy metals which was a part of the solute 
is limited.  
Previous studies showed that the main part of heavy metal tolerance in mangrove 
plants is endodermis, and in this paper it first showed the existence of secondary 
Casparian strip in Kandelia obovata and the key plant parts of cadmium tolerance in 
Kandelia obovatavvv is not endodermis, but the exodermis. Meanwhile, studies of 
pith on tolerance of mangrove roots were neglected, and this study reveals a critical 
role of pith for Kandelia obovata cadmium tolerance.  
2. Cadmium in root of Aegiceras corniculatum is mainly distributed in 
endodermis which is different from Kandelia obovata. First, the blocking effect of 
epidermis and exodermis in the root can be ignored in Aegiceras corniculatum. 
Secondly, cadmium blocking and apparently regionalization enrichment at 
endodermis. Thirdly, the high affinity of Pith and xylem for cadmium tolerance is 
essential for cadmium tolerance. Fourth, cadmium discharge efficiency of Aegiceras 
corniculatum roots was significantly lower than Kandelia obovata. Under Cd stress, 














  ii 
roots and Kandelia obovata are as follows: first, no blocking effect in the epidermis 
and the exodermis; Secondly, regionalization enrichment in pith is not obvious about 
cadmium into the vascular bundles. There is a clear difference in xylem affinity of 
cadmium between refusing salt plants (Kandelia obovata) and salt-secreting plants 
(Kandelia obovata).  
3. Zinc is mainly distributed in the root exodermis of Kandelia obovata. The 
distribution of zinc and cadmium within Kandelia obovata root distribution are very 
different: first, the clear exodermis block of cadmium, but not for zinc. Secondly, 
cadmium blockade within the Aegiceras corniculatum is significantly at endodermis, 
but endodermis within Kandelia obovata root is not the site of major accumulation of 
zinc. Thirdly, the pith is the main site of cadmium accumulation in Kandelia obovata, 
but there is no apparent location for zinc and cumulative effect in Aegiceras 
corniculatum. Fourth, the content of zinc in the xylem is higher, indicating that the 
xylem bundles in the most affinity for zinc. Fifth, with respect to cadmium, zinc is 
more likely to reach the phloem maybe because the zinc is essential trace elements in 
plants concerned. So, there are "blockade mechanism" in Kandelia obovata root 
exodermis and endodermis, but for zinc, the exodermis of zinc blockade was not 
significant. Secondly, the "regionalization enrichment mechanism" in Kandelia 
obovata pith play a role bundles of cadmium, however, not significant for zinc.  
4. Under cadmium stress, phosphorus within Kandelia obovata roots is mainly in 
the xylem; accumulation of phosphorus at epidermis and the exodermis is more 
obvious. In Aegiceras corniculatum roots, the phosphorus content in the endodermis 
was significantly higher than that in other organizations (P <0.05). In Kandelia 
obovata roots, calcium is mainly distributed in the epidermis and exodermis, which 
were significantly higher than that in the endodermis, pith, endodermis, phloem 
calcium content (P <0.05). Calcium in the xylem also showed the accumulation 
phenomenon. In Aegiceras corniculatum roots, the calcium is mainly distributed at 
endodermis. Under cadmium stress, both Kandelia obovata root and Aegiceras 
corniculatum root, cadmium and phosphorus showed a significant or very significant 
positive correlation. Therefore, the distribution of heavy metals and phosphorus or 
calcium in the mangrove roots were positively correlated, indicating phosphorus and 
calcium play an important role on the tolerance of heavy metals. Therefore, it can be 
indicated that in the cadmium tolerance mechanism of mangrove roots, both 
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